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Abstract: Pollution test of four long rod insulators 
with different shapes were carried out according to 
flow on, salt fog and solid layer methods. The 
following porcelain insulators were investigated: a 
standard type insulator VKL75/14 with 14 sheds, an 
insulator with 15 stepped sheds LPZS 75/15, an 
insulator with alternating sheds LPZ 75/37W, and a 
screw type insulator LPS 75/11. During tests the 
flashover voltage, leakage currents, layer conductivity, 
salinity of water spray or salt deposit density were 
measured. The discharge activity and dry band pattern 
on insulators were observed. The flashover voltage 
(FOV) of insulator with stepped sheds according to 
salt fog and solid layer method was higher than the 
FOV of insulator with alternating sheds in spite that 
the leakage distance of insulator LPZ75/37W was 
longer. On the other hands the FOV of screw insulator 
was lowest due to the formation of single dry band at 
the upper flange.  
1.  Introduction 
Long rod insulators are commonly used on 
transmission lines in Middle Europe, while cap and 
pin insulators are applied here relatively seldom. The 
shape of long rod insulators is generally similar, it 
consists of a trunk or shank with periodically situated 
sheds. The composite line insulators have thinner 
shanks and sheds than porcelain ones. Some insulators 
have  small ribs under bottom shed parts. There are 
also insulators with alternating shed projections (sheds 
with small/big diameter). The insulators with a 
different profile, e.g. the screw insulator are used 
seldom, especially only in Czech Republic and 
Slovakia. The insulator with stepped sheds was 
designed and tested in Poland as a prototype only.  
 At a given pollution the FOV depends on the 
leakage distance and on the insulator profile. There are 
no general rules on this matter. At a given insulator 
height H the FOV is proportional to the leakage 
distance in limited scale only. When the ratio of 
leakage distance to insulator height is too large, the 
arc bridging effect lowers the efficiency of leakage 
distance. It is known that different pollution 
conditions require different insulator profiles. 
Insulators with simple flat profile (aerodynamic type) 
behave better in desert conditions where airborne 
pollution and wetting as condensation prevails. On the 
other hand the insulators with complicated shape 
(anti-fog type) behave better at the see shore, where 
pollution in the form of small drops impact dominates. 
Similarly, the insulators which perform better in salt 
fog test can show the poorer performance in the test 
according to solid layer with steam fog [1].  
IEC publication 60815 Guide for the selection of 
insulators in respect of polluted conditions gives some 
indications for designing a proper insulator shape. 
Our paper presents laboratory test results of four 
insulators with different profile carried out according 
to three pollution methods, i.e. flow on, salt fog and 
solid layer. 
2.  Research objects and experimental procedure 
The research was carried out on 4 insulators (fig. 
1) with dimensions given in the tab. 1. The insulator 
VKL75/14 has relatively short leakage distance L and 
a considerable distance between 14 sheds. Insulator 
LPZS75/15 has sheds with small steps and only one 
shed more than the insulator VKL75/14. The insulator 
LPZ75/37W has 37 sheds with two different diameters 
(big/small) and the longest leakage distance. The 
screw insulator LPS75/11 has smaller height and 
leakage distance than the other three insulators used.  
Fig. 1:  The shape of tested insulators 
The insulator with stepped sheds and the screw 
insulator  are prototypes, they were produced and 
tested in Poland in 1970s. The insulator VKL75/14 
was often used in the past and the insulator 
LPZ75/37W is a relatively new construction produced 
since 10 years in Poland. The insulator LPZS75/15 
was designed and patented in 1960s [2]. This 
construction is a modification of insulator with “sharp 
outer edges” patented by Kurt Draeger in 1953, 
Rheinisch-Westfalische Isolatoren-Werke GmbH, 
Siegburg, Germany. The screw insulator is similar to 
the French insulator Spirelec. Insulator LPS 75/11 has 
a greater pitch than Spirelec and only one rain-pipe 
which leads the liquid along the screw-line. Thanks 
such screw shape a part of water on this insulator 
flows down on the sheds surface, not only along the 
rain-pipe.  
The pollution tests were carried out according to 
flow on, salt fog and solid layer method.  
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Tab. 1: Insulator dimensions 
Insulator 
type 
H
(cm) 
L
(cm)
D / d  
(cm) 
f s 
 (cm) 
VKL 75/14 107 186 14,6 6,45 6,4 
LPZS 75/15 107 250 17,6 7,9 5,8 
LPZ 75/37W 108 284 15,2/12 9,9 5,5/1,8 
LPS 75/11 59 146 17,4 3,25 5,0 
H – effective height, height of insulation part (distance between 
electrodes), L – leakage distance, D/d – diameter of great / small 
shed,  f – form factor,  s - shed distance 
2.1. Flow on procedure 
The insulators were dipped into a suspension 
consisted of 50 g/l kaolin and a specified amount of 
NaCl. Two minutes after the insulator was removed 
from the suspension the current was measured at 1 kV 
for calculation of layer conductivity. Additionally, 
ESDD was estimated for each value of layer 
conductivity. The 50% FOV was measured according 
to up and down method and photographs of discharge 
pattern were taken. 
2.2. Salt fog  
Tests according to quick salt fog procedure [3] were 
carried out with a salinity of 14 g/l. Insulators were 
conditioned for 20 minutes under the voltage with a 
low flashover probability. Then the voltage was 
quickly increased by 5% every 5 minutes until 
flashover. The next series was started either from the 
voltage at which no flashover was recorded earlier or 
3 voltage levels down. The maximum current 
amplitude before flashover was measured by means of 
a digital recorder ADAM manufactured by Maurer. 
Immediately after the voltage was switched off, 
temperature on the surface was measured along the 
insulator leakage path.  
2.3. Solid layer 
The experiments according to procedure B (wetting 
after the voltage application) were performed with 
three insulators only: LPZS75/15, LPZ75/37W and 
VKL75/14. Insulators were sprayed by suspension of 
40 g/l kaolin, dried out and then wetted by steam fog 
with an input rate of 0,5 kg/m3h. This fog input rate is 
10 times higher than the rate recommended by the 
standard IEC 60507. Therefore the surface condu-
ctivity reaches the maximum value just 10 minutes 
after the fog was switched on (fig. 3). By this the test 
time can be reduced from 2 hours to about 30 minutes. 
This accelerated procedure does not cause significant 
differences in the FOV values. If the flashover did not 
occur after 30 minutes, the voltage was increased by 5 
kV. When after 15 minutes the flashover was not 
recorded, the voltage was increased again by 5 kV. 
The series was finished when no flashover was 
observed after 15 minutes. Then the insulator was 
washed out and contaminated again.  
3.  Results 
3.1.  Flow on method 
The pollution flashover voltage divided by the 
effective height H as a function of layer conductivity 
is shown in fig. 2.  
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Fig. 2: F.O.V. divided by the effective height as a 
function of layer conductivity
Figure 2 shows how the effective height is used 
by the tested insulators. FOV of insulator with 
alternating sheds and with the longest leakage distance 
(LPZ 75/37W) had the highest values. The second 
place took the insulator with stepped sheds, followed 
by VKL 75/14 and LPS 75/11. The leakage distance 
efficacy of these three insulators is similar and 
apparently worse for screw insulator LPS75/11. The 
flashover voltage decrease of insulator with stepped 
sheds in the range of 20 – 33 PS is very small. This 
result is similar to the observation made in the past 
and confirms that insulator LPZS75/15 performs well 
especially under very heavy pollution.  
3.2  Salt fog 
The withstand voltage Uw, 50% FOV, the withstand 
voltage divided by effective height H and leakage 
distance L, minimum and maximum value of current 
which was measured just before flashover are listed in 
the table 2. Surprisingly, the FOV of stepped insulator 
was 20 kV higher than the FOV of insulator with 
alternating sheds in spite that the leakage distance of 
insulator LPZS 75/15 is 14% shorter than the leakage 
distance of insulator LPZ 75/37W.  
The rate of current increase just before flashover 
depends on insulator type. On the screw insulator the 
current amplitude increases relatively slow. On the 
stepped insulator the current increase is very rapid and 
on the insulator with alternating sheds the current 
increases slower than on stepped insulator and quicker 
than on screw insulator. The temperature measured 
along the screw insulator after finishing the salt fog 
test is very non-uniformly distributed. Temperature of 
upper part is 13qC higher than on the bottom part. 
Similar measurements on other insulators showed very 
small differences of about 3 K with a random 
distribution. 
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Tab. 2. The results of fog test with a salinity of 14 g/l 
Insulator
type 
Uw U50% Min 
Imax
Max 
Imax
Uw /H Uw /L 
 kV kV A A kV/cm kV/cm
VKL 75/14 63 65 0,83 1,07 0,59 0,34 
LPZS 75/15 91 94 1,54 2,29 0,85 0,36 
LPZ 75/37W 71 75 0,87 2,04 0,66 0,25 
LPS 75/11 28 30 2,26 2,76 0,47 0,19 
3.3 Solid layer method 
The results of solid layer method are given in tab. 3. 
Figure 3 shows the layer conductivity, measured on 
two insulators with the a.c voltage of 1 kV. At ESDD 
= 0,29 mg/cm2 the withstand voltage of stepped 
insulator is 10 kV higher than the withstand voltage of 
insulator with alternating sheds. FOV of insulator 
LPZ75/37W was estimated for two ESDD values. The 
slope factor nE of pollution characteristics 
EnESDDKU
 was evaluated as 0,2. Assuming 
the same factor nE for the pollution characteristics of 
insulator VKL75/14, the withstand voltage at ESDD = 
0,29 mg/cm2 was calculated and given in brackets in 
the tab. 3. At ESDD = 0,29 mg/cm2 the calculated 
withstand voltages are 95 kV, 85 kV, 77 kV 
respectively for stepped insulator, insulator with 
alternating sheds and VKL75/14.  
Tab. 3. The results of solid layer method 
Insulator .S
PS
ESDD
mg/cm2
Uw
kV
LPZS 75/15 15 0,29 95 
LPZ 75/37W 8 0,06 115 
LPZ 75/37W  0,29 85 
VKL 75/14  0,18 ( 0,29 ) 85 ( 77 ) 
          .S – maximum value of layer conductivity 
Due to the very dense fog the layer conductivity 
measured at the low voltage of 1 kV increased quickly 
and reached the maximum value just 10 minutes after 
the fog was switched on (fig. 3).  
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Fig. 3: Layer conductivity as a function of time measured on 
insulator LPZS75/15 and LPZ75/37W by means of 1 kV a.c. 
voltage
Note that the maximum value on stepped insulator is 
only two times higher than on insulator with 
alternating sheds in spite of 5 times higher ESDD on 
insulator with stepped sheds.  
The leakage currents measured at high voltage 
reached the highest value Ih later, i.e. after about 20 
minutes (fig. 4). This effect is caused by the heating 
(drying) effect of the current and dry bands formation. 
At the same ESDD value and test voltage, the highest 
value of leakage current on stepped insulator is two 
times or even 5 times smaller than on insulator with 
alternating sheds. Note that the leakage distance of 
insulator with alternating sheds is only 14% longer 
than the leakage distance of stepped insulator. This 
result shows the damping properties of sharp edges on 
stepped insulator. 
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Fig. 4:  The increase of leakage current up to the highest value Ih
 Insulator LPZS 75/15  :   U = 85 kV, ESDD = 0,29 mg/cm2
                LPZ 75/37W :   U = 85 kV, ESDD = 0,29 mg/cm2
                  VKL 75/14  :  U = 70 kV, ESDD = 0,18 mg/cm2
4.  Discussion 
Fig. 5 shows discharges on insulators during the test 
according to flow on method. On insulators VKL 
75/14, LPZS75/15, LPZ75/37W the discharges are 
burning on each shed section. On the screw insulators 
the discharge occurs on the top only. The pollutants 
flow from the upper part of insulator to the insulator 
bottom along the screw surface. As a result the layer 
thickness on the upper insulator part is thinner and the 
dry band is formed there after the voltage is switched 
on. The distribution of surface conductivity on the 
screw insulator became very non-uniform and 
therefore the relative FOV (related to 1 cm of leakage 
distance) is lower than on the other insulators. The 
distribution of pollutants on the other insulators is 
more uniform. The solution flows to the shed edges 
and drops down. In this manner the pollutants 
distribution is nearly the same on each shed section. 
The similar discharge pattern on screw insulator was 
observed in salt fog under continuous wetting. 
Therefore such performance of screw insulator can be 
expected under natural conditions too. On the 
insulator LPZS75/15 the small discharges burn not 
only on the rod but also on the step edges (fig. 5). 
These discharges are shorter than discharges on 
insulators with flat sheds but their number is very 
high.  
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Under salt fog or steam fog conditions the 
stepped insulator was the best one. FOV of stepped 
insulator was 20 kV higher in salt fog and 10 kV 
higher in steam fog than the FOV of insulator with 
alternating sheds. On the other hands in flow on test 
FOV of insulator with alternating sheds was higher 
than the FOV of stepped insulator. That means, in 
flow on method the decisive parameter is the 
insulator’s leakage distance. But in salt fog and in 
solid layer the influence of leakage distance is smaller.   
LPZS 75/15   VKL 75/14  LPZ 75/37W    LPS 75/11 
Fig. 5: Discharges on insulators.  Flow on procedure  
This different performance in different 
conditions can be explained by the different discharge 
pattern in flow on method and in method with slow, 
continuous wetting. In flow on method discharges 
develop practically on each sheds division. In salt fog 
and in solid layer method the discharges and dry 
bands can concentrate at one or two narrow zones. 
Fig. 6 shows two distinct dry bands on insulator with 
alternating sheds. Note that the dry band is formed on 
insulator rod and also on the sheds. In flow on method 
dry bands are formed in the places with a smaller 
diameter i.e. on the rod only. Similarly concentrated 
discharges were observed on outdoor insulators under 
natural conditions. This phenomenon was documented 
by means of special UV cameras last years [4]. When 
only one or two dry bands are formed, the voltage 
distribution along the leakage distance becomes very 
non-uniform. Therefore these phenomenon decreases 
the pollution flashover voltage. The concentrated dry 
bands can easily be built on insulators with flat sheds 
but the occurrence probability of this phenomenon on 
stepped insulator is low.  
Fig. 6: Two dry bands on insulator with alternating sheds after test 
according to solid layer 
The high number of small discharges that 
develop on sharp steps of insulator LPZS75/15 
increases also the flashover voltage. The voltage of 
cathode and anode spots of low current arc (in the 
range of 1 A) is quite high, about 500 V [5]. At higher 
current, greater than 100 A the cathode and anode 
voltage drop decreases to the value of about 20 V [6]. 
Note that practically all publications give the voltage-
current characteristics of arc where the constants A, n 
and length X concern to the whole arc (cathode and 
anode spots + arc column). The flashover voltage can 
be given by equation (1) which shows that FOV is 
proportional to the number of serial arcs: 
                                        
UmXLrIIXBU n '  )(    (1) 
where: I  – current;  X  - critical arc length 
   L  - leakage distance;  m  - arc number 
   r   - resistance of pollution layer per unit length 
'U – cathode and anode voltage  
    B, n  - constants of arc column  which do not take   
                 the cathode and anode voltage into account.  
The influence of serial arc number on pollution 
flashover voltage was studied earlier, among other by 
Zhicheng and Renyu [7]. They showed that FOV on 
model insulators increases about 15% when the arc 
number increases from one to three. 
Conclusions 
1. The profile of porcelain insulators influences 
considerably the pollution flashover voltage, e.g. 
in salt fog FOV of the insulator with stepped sheds 
(calculated on the effective height unit) was even 
80% higher than FOV of screw insulator and 20% 
higher than FOV of insulator with alternating 
sheds. 
2. The excellent performance of the insulator with 
stepped sheds is caused by many small arcs which 
burn uniformly along the leakage distance and do 
not allow the formation of concentrated discharges 
and dry bands. 
3. The screw insulator performs inefficient due to 
formation of single discharges at the upper flange. 
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